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达量在 10、100和 1000 ng/L组显著上升，引起长链脂肪酸去饱和。综合比较评
价肌肉营养价值的重要指标，动脉粥样化指数（atherogenic index，AI）在最高
































Difenoconazole is one of the most widely used triazole fungicides in the 
aquaticenvironment. However, effects of difenoconazole on marine fish of 
reproductive and lipid metabolism have not been adequately researched. In the present 
work, marine medaka were exposed to difenoconazole at environmental 
concentrations (0, 1, 10, 100 and 1000 ng/L) for 180 days. The effects on reproductive 
and lipid metabolism of marine medaka were focused. 
The gonadosomatic index of the testes significantly decreased in the 1000 ng/L 
group. There was a reduced number of sperm and an abundance of the spermatocytes 
and spermatogonia in the testes. In the brain, the mRNA levels of salmon-type GnRH 
(sGnRH), the uteinizing hormone (LHβ) and the follicle-stimulating hormone (FSHβ) 
significantly decreased in the difenoconazole groups. In the liver, the expression of 
CYP19A significantly increased in the 10, 100 and 1000 ng/L groups and CYP19B 
significantly increased in the 100 and 1000 ng/L groups. In the testes, the expression 
of androgen receptors (ARα and ARβ) significantly decreased in difenoconazole- 
treated groups and the expression of estrogen receptor (ERβ) and CYP19B 
significantly increased in the 1000 ng/L group. The decrease of ARs mRNA levels 
might be one of the reasons causing the reduction of sperm. The down-regulation of 
sGnRH, LHβ and FSHβ mRNA levels suggested that difenoconazole cause impacting 
the spermatogenesis via the brain–pituitary–gonad pathway. The decrease of the 
fertilization success, the hatch ability and the swim-up success in the F1 generation 
exposure to difenoconazole for 180 days. 
The gonadosomatic index of the ovary significantly decreased in the 1, 10 and 100 
ng/L groups. In the ovary, there was a reduced number of and the area of mature 
oocytes (MO) in the 1, 10 and 100 ng/L groups. In the brain, the mRNA levels of the 
FSHβ significantly decreased in the low concentrations and recovered in the 1000 
ng/L. In the liver, the expression of ARs significantly increased and the expression of 


















concentrations and recovered in the 1000 ng/L group. In the ovary, the expression of 
ERs and CYP19 significantly decreased in the low concentrations and the expression 
of ARs significantly increased in the low concentrations and recovered in the 1000 
ng/L group. The down-regulation of FSHβ mRNA levels suggested that 
difenoconazole cause impacting ovary development via the brain–pituitary–gonad 
pathway. The decrease of the fertilization success, the hatch ability and the swim-up 
success in the F1 generation exposure to difenoconazole for 180 days. 
There was a significant decrease level of saturated fatty acids (SFA) coupled with a 
significant increase level of unsaturated fatty acids (UFA), total lipids and condition 
factor in the 1000 ng/L group. The higher content of UFA was major due to higher 
concentrations of C16:1, C18:2, C20:3 and C20:4 and the lower content of SFA was 
major due to lower concentrations of C14:0, C16:0, C20:0, C22:0 and C24:0 in 
muscles, but there was a decrease level of C22:6. In the present study, the 
up-regulation expression of PPARs, RXRs and desaturase (FADS2 and SCD) in the 
exposure groups. The expression of FADS2 and SCD significantly increased in the 10, 
100 and 1000 ng/L groups, which were associated with increase of polyunsaturated 
fatty acids (PUFA) and decrease of SFA. In summarizing the results obtained, a 
decrease of atherogenic index (AI) and docosahexaenoate (DHA) and the unchanged 
of eicosapentaenoate (EPA) and n-3/n-6 ratio were detected in marine medaka 
muscles exposure to difenoconazole. Hence, the nutritional quality of lipids in 
difenoconazole groups were not inferior to the control groups. 
 








































图 1-1 苯醚甲环唑的化学结构 































稻田里会使用 11.25 g苯醚甲环唑，在喷晒的季节甚至达到了 1.98 mg/L，苯醚甲
环唑的半衰期是 6 天[14]，这有可能会影响农田里面的生物体。有研究显示澳大
利亚水体表面检测到的浓度达到了 0.15 μg/L [15]。在一些亚洲的国家情况更为严
重，有报道苯醚甲环唑的预测环境浓度（predicted environmental concentration， 
PEC）在泰国农田附近的水体中是 0.028 mg/L[16]。Latiff 等发现在马来西亚苯醚
甲环唑喷晒一个星期以后附近的河流检测到的浓度是 0.3 mg/L[17]。根据近期公布
的欧盟食品安全局（European Food Safety Authority，EFSA），已经证实了苯醚甲
环唑对水生动物是有很强的毒性，鉴于对水蚤的毒性的最大无效应浓度（no 
observed effect concentration，NOEC）是 0.0056 mg/L。我们实验室的未发表的数
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